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(54) Electrically driven display and method 

(57) The present invention provides for a touch sen- 
sitive LCD flat panel display and method which allows 
a user to provide input into a computer device by simply 
touching an LCD display screen (30) with a passive de- 
vice, such as a finger, stylus, or a ball point pen. The 



invention includes circuitry (38) which continuously 
compares the charge/discharge times of the liquid crys- 
tal elements (1 0) of the display (30) to a reference value 
and uses the results of the comparison to determine 
which elements (10) in the display are currently being 
touched. 
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Description 

The present invention relates to an electrically driv- 
en display and, In particular, but not exclusively, to liquid 
crystal displays which are touch sensitive. 

Liquid Crystal Display (LCD) technology has seen 
widespread use in the computer Industry In products 
ranging from calculators to computer displays. LCDs are 
capable of producing high contrast images with relative- 
ly little power consumption and are much more compact 
than alternative display devices, such as cathode ray 
tubes. For these reasons, LCDs are the display device 
of choice for portable computers. In addition, due to re- 
ducing costs and increasing capabilities. LCDs are cur- 
rently experiencing increased usage with home compu- 
ter systems. 

Also, a computer Input device known as a stylus is 
experiencing widespread use in the computer Industry. 
A stylus is a pointing device which a computer operator 
can use to indicate a specific location on a display de- 
vice to a host computer while performing computer ap- 
plications. In this regard, a stylus can be used as a re- 
placement for other types of pointing devices, such as 
mice and track balls. In one application, a stylus can be 
used in a process known as inking, wherein a user runs 
the tip of the stylus across the display surface of a dis- 
play device, such as an LCD, while a host computer si- 
multaneously illuminates the pixels on the display de- 
vice traversed by the stylus tip. Many other applications 
also exist. 

As is apparent from the above description, a com- 
puter system using a stylus has to have some way of 
sensing the position of the stylus tip on the screen of the 
display device. A number of approaches have been 
used In the past to accomplish this. In one approach, a 
resistive or capacrtive sensing membrane is placed over 
the display screen to sense the location of the stylus. In 
another approach, the stylus communicates its position 
to a host computer by transmitting an RF signal to re- 
ceiver circuitry attached to the display screen. In yet an- 
other approach, the stylus transmits position information 
to a host computer via an electrfcal cable. The disad- 
vantage of known past approaches is that they either 
require a special stylus, which may be costly and can 
be misplaced, or they require special sensing devices 
attached to the display, which adds to the cost and 
weight of the product. It would be desirable to have a 
system in which a common object, such as a ball point 
pen or an operator's finger, could be used as a pointing 
device without the need for bulky sensing devices at- 
tached to the display. 

Therefore, a need exists for a method and appara- 
tus for implementing a stylus in a computer system using 
an LCD display, which is less expensive, lighter in 
weight, and more user friendly than past approaches. 

The present invention fulfills the above-mentioned 
need by providing a touch sensitive LCD flat panel dis- 
play whk;h takes advantage of the unique properties of 



liquid crystal display elements to allow a user to provide 
Input Into a computer device by simply touching an LCD 
display screen with a passive device, such as a finger, 
stylus or a ball point pen. The invention provides all of 

5 the pointing capabilities of past stylus designs without 
the need for a special pen or bulky sensing circuitry. 

According to one aspect of the present invention 
there is provided an electrically driven display compris- 
ing a plurality of display elements, and characterized by 

10 means for detecting a change in an intrinsic electrical 
characteristic of at least one of said display elements so 
as to determine if said at least one element has been 
touched. 

According to another aspect of the present Inven- 
ts tlon there is provided a method of sensing touch of a 
display system having a plurality of display elements, 
comprising the step of detecting a change in an intrinsic 
electrical characteristic of at least one of said display 
elements in response to said touch. 
20 In arriving at the present invention, it was appreci- 
ated that the capacitance, and therefore the charge time 
when using a constant current source, of a liquid crystal 
display element increases when an external touch is ap- 
plied to the element. In this regard, one aspect of the 
2S present invention includes: (a) a plurality of LCD ele- 
ments, (b) means for applying a charge to each of the 
elements, (c) means for monitoring a voltage across 
each of the elements and for using the voltage to com- 
pare the charge time of each of the elements to a refer- 
30 ence charge time value; and (d) means, responsive to 
the means for monitoring, for determining which, if any, 
of the LCD elements in the plurality are being touched. 
In one embodiment, the invention achieves the charge 
time comparison by applying a charge to all of the ele- 
3S ments In a row and determining which of the elements 
have charged up to a predetermined voltage by the time 
a strobe line is pulsed. In another embodiment, the 
strobe is pulsed multiple times during a charging cycle 
resulting In weighted charge time Information. In yet an- 
40 other embodiment, a counter is used to time the period 
for which an eiement has exceeded a reference voltage 
as an indication of the charge time of the element. 

It was also appreciated that a condition may exist 
where the capacitance change of an element is effected 
4S more by its neighbouring elements than by a touch ap- 
plied to the element. This condition is caused by the fact 
that LCDs generally require two relatively thick glass 
plates to contain the liquid crystal material. Because the 
glass plates have to be relatively thick for structural pur- 
50 poses, the effect that a touch has on the capacitance of 
the element Is reduced. In this regard, another aspect 
of the present invention includes: (a) an LCD element 
including: (i) a front transparent plate having a first sur- 
face and a second surface, the first surface having a 
55 front electrode disposed adjacent thereto; (11) a rear 
transparent plate positioned substantially parallel to, 
and in fixed relation to, the front transparent plate, the 
rear transparent plate having a rear electrode disposed 
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adjacent to a second surface thereof, the first surface of 
the rear transparent plate facing the first surface of the 
front transparent plate so that the front electrode Is sub- 
stantially opposite the rear electrode; and (iii) a layer of 
liquid crystal material between the first surface of the s 
front transparent plate and the first surface of the rear 
transparent plate, the layer capable of changing optical 
properties when a predetermined voltage is applied 
across the front and rear electrodes; (iv) wherein the 
LCD elennent has a capacitance between the front and 
rear electrodes which changes when a user touches the 
second surface of the front transparent plate; (b) nneans 
for detennnining whether the surface of the front trans- 
parent plate is being touched by a user based on the 
change in capacitance; and (c) means, operatlvely con- 
nected to the front transparent plate, for increasing the 
change in capacitance of the LCD element when the 
second surface of the front transparent plate is touched 
by a user so that the means for determining Is more sen- 
sitive to the touch of a user. In one embodiment, the 
means for increasing includes a means for diffusing a 
conductive material into the front transparent plate ad- 
jacent to the front electrode. In another embodiment, the 
means for increasing includes a means for embedding 
the front electrode Into the front transparent plate. In yet 
another embodiment, a resistive material is diffused in 
the transparent plate, allowing limited current flow be- 
tween the electrode of the display element and an ex- 
ternal stylus or finger. 

in most applications, it is desired that an image be 
displayed on an LCD at substantially the same time that 
touches to the LCD screen are being monitored. Be- 
cause the display of an image requires that a predeter- 
mined voltage be maintained on the elements of the dis- 
play (including typically zero volts for black or non-illu- 
minated pixels), it is impossible to constantly charge and 
discharge every element in the display to sense touches 
to the screen. In this regard, a third aspect of the present 
invention includes: (a) means for alternately charging 
and discharging the display elements in a subgroup of 
the display elements in a display screen; (b) means for 
comparing a charge time of each of the display elements 
in the subgroup to a reference charge time value; and 
(c) means for processing the results of the comparison 
to determine which, it any, of the display elements in the 
subgroup are being touched; wherein the display ele- 
ments in the display screen which are not in the sub- 
group continuously display an image on the display 
screen. In one embodiment, the subgroup of display el- 
ements produce a blinking cursor on the display screen. 
In another embodiment, the subgroup of display ele- 
ments comprises a row of display elements on the dis- 
play screen. This row may be periodically changed so 
that every row of the display screen is periodically 
scanned. 

As will be appreciated, the plurality of LCD elements 
can comprise a subset of a larger group of LCD ele- 
ments arranged in rows and columns to form a display 



screen of said LCD system. Also, the plurality of LCD 
elements can comprise a cursor image appearing on 
said display screen. 

In particular, the plurality of LCD elements compris- 
es a row of LCD elements in said display screen. 

Further, the means for monitoring may include 
means for comparing said voltage across each of said 
LCD elements to a reference voltage and for creating 
an output signal indicative of the result of said compar- 
ison. 

Advantageously, the means for monitoring further 
includes means for latching said output signal of said 
means for comparing in response to a strobe signal to 
create a charge lime comparison signal. 

The strobe signal that may be used for latching the 
output signal may be created based upon a time delay 
from the time said means for selectively applying a 
charge applies said charge to each of said LCD ele- 
ments in said plurality. 

Alternatively, the strobe signal may be created 
based upon a first LCD element in said plurality exceed- 
ing said reference voltage. 

Also, the strobe signal may latch said output signal 
of said means tor comparing multiple times during a 
charging cycle to create weighted charge time data. 

As a further alternative, the strobe signal is created 
using a reference LCD element which is substantially 
shielded from external capacitive influence. 

The means for monitoring may include means for 
measuring the time period for which each element in 
said plurality has exceeded said reference voltage dur- 
ing a charging cycle and for creating an output signal 
indicative of said time period. 

Also, the means for determining includes means for 
receiving an output signal from said means for monitor- 
ing and means for processing said output signal to de- 
termine which of said LCD elements in said plurality is 
currently being touched by a user. 

In particular, the means for processing may be ar- 
ranged to reject errant data in said output signal. 

Preferably, the reference charge time value and/or 
the reference voltage is adjustable. 

If means for selectively forcing each of the LCD el- 
ements to a common voltage is included, such means 
can include means for grounding said LCD elements for 
a discharge duration, Tl, so that all of said elements at- 
tain a voltage of zero volts. 

Advantageously, the discharge duration, Tl, is ad- 
justable. 

Also, the means for selectively forcing can include 
means for connecting selected LCD elements in said 
plurality together for a duration. Tl, so that said selected 
LCD elements can come to a common voltage through 
charge sharing. 

Preferably, the means for selectively applying a pre- 
determined charging voltage can include means for se- 
lectively applying said voltage for a charge duration, T2. 
The charge duration, T2, may be adjustable. Also, the 
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charge duration, T2, may be based upon a sensed volt- 
age. 

Further, the charge duration, T2, may be deter- 
mined using a counter driven by a clock signal. The 
means for selectively applying a predetermined charg- 
ing voltage may include means for applying the same 
charging voltage to all of said LCD elements. 

If means for increasing the sensitivity of the display 
are provided, they may comprise means for diffusing a 
conductive material into said front transparent plate in 
an area adjacent to said front electrode. 

Alternatively, the means for increasing the sensitiv- 
ity includes means for embedding said first electrode in- 
to said front transparent plate. 

Further, the means for increasing the sensitivity In- 
clude means for electrically coupling said front electrode 
and said second surface of said front transparent plate. 

Also, the means for Increasing the sensitivity can 
include a conductive element fixed within said front 
transparent plate between said first surface and said 
second surface, said conductive element being electri- 
cally coupled to said front electrode. 

The invention can also provide for an LCD display 
system having a display screen including a plurality of 
LCD display elements arranged in rows and columns 
and which is capable of displaying an image on said dis- 
play screen by providing predetermined voltages to said 
LCD elements and including an apparatus for detecting 
the touch of a user on said display screen while an im- 
age is being displayed in which said apparatus compris- 
es means for alternately charging and discharging said 
display elements in a subgroup of said plurality of dis- 
play elements, means for comparing a charge time of 
each of said display elements in said subgroup to a ref- 
erence charge time value, and means for processing the 
results of said comparison to determine which, if any, of 
said display elements In said subgroup are being 
touched, wherein said LCD display elements in said plu- 
rality which are not in said subgroup continuously dis- 
play an image on said display screen. 

Preferably, the subgroup ot display elements can 
produce a cursor image on said display screen. 

Also, means for moving said cursor in response to 
movement of said touch on said display screen can be 
provided. 

Also, the apparatus may comprise means for illumi- 
nating display elements which are traversed by said 
movement of said touch on said display screen. 

Further, the subgroup of display elements can cor- 
respond to a row of display elements in said display 
screen. 

The display screen in the apparatus may include a 
diffused resistive material in the front glass providing al- 
teration of segment charging when touched. 

Advantageously, the apparatus can further com- 
prise means for periodically changing said row of said 
display elements In said display screen which corre- 
sponds to said subgroup so that every row of said dis- 
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play screen is periodically scanned. 

The Invention can further provide for a touch sensi- 
tive liquid crystal display (LCD) system comprising a plu- 
rality of LCD elements, means for selectively applying 

5 a charge to each of said LCD elements, means for mon- 
itoring a voltage across each of said LCD elements and 
for comparing said voltage to a reference value and 
means, responsive to said means for monitoring, for de- 
termining which, if any, of said LCD elements in said plu- 

10 rality are currently being touched, based on said com- 
parison. 

The Invention may also provide for a method of 
sensing an external touch on a liquid crystal display 
(LCD), said method comprising the steps of providing 
75 an array of LCD elements, each of said LCD elements 
having an associated charge time value which changes 
when an external touch is applied to a surface of said 
element, selectively applying a charge to each of said 
LCD elements in said array, comparing a charge time of 
each of said LCD elements to a reference charge time 
value, and determining whether one or more of said LCD 
elements In said array is being touched based on the 
results of said comparing step. 

The Invention is described further hereinafter, by 
way of example only, with reference to the accompany- 
ing drawings in which: 

Fig. 1 is a sectional view of a typical LCD element; 
Fig. 2 is a schematic diagram illustrating a portion 
of a typical active matrix liquid crystal display; 
Fig. 3 is a sectional view of different glass structures 
which may be used in accordance with an embodi- 
ment of the present invention; 
Fig. 4 illustrates one embodiment of the display sys- 
tem embodying the present invention; 
Fig. 5 illustrates one embodiment of the display driv- 
er circuitry of Fig. 4; 

Fig. 6 illustrates one embodiment of the charge con- 
trol unit of Fig. 5; 

Fig. 7 illustrates another embodiment of the display 
driver circuilry of Fig. 4; 

Fig. 8 is a charge time plot illustrating the relative 
charge times of the display elements in an LCD dis- 
play, which can be created using one embodiment 
of the present invention; 

Fig. 9 is a weighted charge time plot illustrating the 
relative charge times of the display elements in an 
LCD display, which can be created using another 
embodiment of the present Invention; 
Fig. 10 illustrates another embodiment of the dis- 
play driver circuitry of Fig. 4; 
Fig. 11 illustrates yet another embodiment of the 
display driver circuitry of Fig. 4; and 
Fig. 12 illustrates a charge control unit for use In 
another embodiment of the present invention. 

The present invention advantageously allows a us- 
er to provide input into a computer device by simply 
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touching an LCD dispfay screen with a passive device, 
such as a finger, stylus, or a ball point pen. The invention 
Includes circuitry which continuously compares the 
charge times of the liquid crystal elements of the display 
to a reference value and uses the results of the compar- s 
ison to determine which elements are currently being 
touched. 

Before the invention is described, a short discus- 
sion of the operational characteristics of a liquid crystal 
display (LCD) will be provided. Liquid crystal displays 
employ the unique ability of liquid crystal materials to 
control the transmission of light from an external source 
in response to an electrical signal. Therefore, all LCDs 
include both a thin layer of liquid crystal material and a 
means for delivering electrical signals to the material to 
change its optical properties. 

Fig. 1 is a sectional view of a typical liquid crystal 
display element 10. The element 10 includes: front glass 
12, rear glass 14, front electrode 16, rear electrode 18. 
and liquid crystal layer 20. The front and rear glass 12, 
1 4 are flat, transparent elements which are used to con- 
tain the thin layer of liquid crystal material 20 and to pro- 
vide a substrate for deposition of the electrodes 16, 18. 
The electrodes 18, 18 are operative for supplying the 
electrical signals to the liquid crystal material to change 
the optical properties of the material. The electrodes 16, 
18 are normally made of a transparent conductive ma- 
terial which can be easily deposited on the inside sur- 
face of the corresponding glass piece 12, 14. Because 
the liquid crystal display element includes two elec- 
trodes separated by a dielectric material, it behaves 
electrically much like a capacitor. That is. when a voltage 
is provided across the two electrodes, the element 
'charges up" to the applied voltage level. 

The liquid crystal material comprising the liquid 
crystal layer 20 is made up of electrically polar mole- 
cules 22 which orient themselves according to the elec- 
tric field developed by the electrodes. Because the mol- 
ecules are optically and physically anisotropic, the opti- 
cal properties of the liquid crystal material, as viewed 
from a stationary reference point, change as the mole- 
cules reorient themselves with the electric field. In gen- 
eral, the potential difference across the thin layer 20 
must exceed a specific RMS threshold voltage before 
any change in optical properties is apparent. 

In a typical LCD. a multitude of elements 10 are ar- 
ranged in an array pattern which allows a wide variety 
of display images to be displayed. When an LCD having 
a large array of display elements is being utilized, a 
problem arises in how to address each element in the 
array in order to create a desired display image. In this 
regard, two different types of LCD arrays, each using a 
different type of addressing, have been developed. It 
should be appreciated that the present invention can be 
used with either type of LCD array. 

tn the first type of array, known as a passive display, 
all of the front electrodes in each row (or column) are 
connected to a common row bus and all of the rear elec- 



trodes in each column (or row) are connected to a com- 
mon column bus. (Alternatively, a passive display may 
divide the array into a number of regions for which all of 
the front electrodes in each row of each region are con- 
nected to a common row bus, etc.) To address a partic- 
ular display element in the array, a positive voltage is 
applied to the appropriate row bus and a negative volt- 
age is applied to the appropriate column bus (or vice 
versa) so that a composite RMS voltage exceeding the 
threshold voltage Is applied across the selected ele- 
ment. To ensure that non-selected elements are not in- 
advertently addressed, neither the positive nor the neg- 
ative voltage described above should exceed the 
threshold voltage alone. This process of applying volt- 
ages to busses, known as multiplexing, can be repeated 
until all of the elements in the display have been ad- 
dressed. As the number of elements addressed by a 
common row or column line is increased, the voltage 
difference between 'on' and 'off' pixels decreases, there- 
by reducing contrast. 

A second type of LCD array is known as an active 
matrix display. An example of this type of array can be 
seen in Fig. 2. An active matrix display includes a sep- 
arate electronically controlled switch 24 at each LCD el- 
ement 26. This switch 24, for example, may take the 
form of a MOS thin film transistor (TFT) deposited adja- 
cent to the corresponding element on the glass sub- 
strate. The switches may be turned on and off by apply- 
ing a voltage to or removing a voltage from a control 
terminal 28. If a MOS device is being used, for example, 
the control terminal 28 is the gate terminal of the MOS 
device. 

In a typical active matrix display, all of the switch 
control terminals 28 associated with a particular row of 
the array are connected to a common row bus, such as 
Row Line M in Fig. 2. When a voltage is applied to this 
row bus, each of the elements in that particular row are 
connected to a corresponding column bus. Voltages 
may then be delivered to each of the elements in the 
selected row, via the corresponding column busses, to 
set the desired display state of each of the elements. 
The display voltages may be delivered to the display el- 
ements one column at a time or, more preferably, all at 
the same time. A separate display control unit (not 
shown) synchronizes the delivery of display voltages to 
the display elements to create the desired images. The 
display control unit may include, for example, a micro- 
processor or sequencer for controlling the operation and 
timing of the elements, a display memory for storing dis- 
play data for the entire array, and a line buffer for storing 
and transferring voltage select signals for the selected 
row of the display. Because the voltage level applied to 
the corresponding column bus of a display element in 
an active matrix display is not limited, as it has to be for 
a passive display, a wkie range of voltages may be ap- 
plied to the column bus and variable intensities may be 
achieved. 

As was discussed previously, the display elements 
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of a liquid crystal display beliave like capacitors. As is 
well known in the art, the charge time of a capacitive 
circuit is related to the capacitance of the circuit. There- 
fore, measuring the relative charge time (or discharge 
time) of the display elements is an indirect method of 
measuring the relative capacitance of the elements. 

Because of loading effects, among other things, the 
electrical characteristics of an LCD element will change 
when an object, such as a ball point pen or a person's 
finger, is brought close to one of the electrodes. This will 
occur, for example, when a user touches the surface of 
an LCD display screen. For convenience, the balance 
of the specification will refer to an object such as a pas- 
sive stylus which changes the capacitance of an LCD 
display element, when brought in contact with the dis- 
play surface. Because the capacitance of an LCD ele- 
ment changes when touched, the charge time of the el- 
ement will change accordingly. The present invention 
periodically compares the charge (or discharge) time of 
each element in an LCD array to a reference value and 
uses the result of the comparison to indicate which of 
the display elements in the array is currently being 
touched by the passive stylus. As will be described in 
more detail, a number of different methods for compar- 
ing charge times may be used In accordance with the 
present invention. 

In a display element such as the one illustrated in 
Fig. 1 , the thickness of the glass may result In a condition 
such that neighbouring display elements have a larger 
contribution to sensed capacitance changes than does 
the presence of additional capacitance on the other side 
of the glass or that the capacitance of the interconnect- 
ing wires is much greater than that of the display ele- 
ment. The thickness of the glass may be required, how- 
ever, to provide structural rigidity. In one aspect of the 
present invention, as illustrated in Fig. 3, various glass 
structures are provided which accommodate the above- 
mentioned conditions by effectively reducing the thick- 
ness of the glass as sensed by the display elements, 
while maintaining the required structural rigidity. Fig. 3 
(a) Illustrates a typical top pane! glass having associated 
electrodes 16. Fig. 3(b) illustrates a similar structure 
with the addition of an area 1 7, located above each elec- 
trode 16. diffused with a conductive dopant material. 
This diffused area 17 effectively moves the segment 
electrodes 16 close to the surface of the display, making 
it possible to sense the presence of a passive stylus 
above the glass 12 with much greater accuracy. Fig. 3 
(d) takes the above approach one step further by having 
the diffused area 17 extend completely through the 
glass 12- This approach supports resistive coupling be- 
tween the electrode 16 and the passive stylus and, 
therefore, is extremely sensitive to touching. Fig. 3(c) 
illustrates a glass structure having an electrode 19 
whbh is partially embedded in the glass. This structure 
is similar in effect to the structure of Fig. 3(b), but uses 
a metallized rather than diffused approach. 

Fig. 4 illustrates one embodiment of an LCD system 



in accordance with the present invention. The apparatus 
of Fig. 4 includes a display panel section 30 and a dis- 
play driver section 32. Both of these sections are con- 
trolled by an external display control unit which Is not 
5 shown in the figure. In the preferred embodiment of the 
present invention, the display panel section 30 compris- 
es an active matrix array and, therefore, the following 
discussion will be with respect to such an array. It should 
be understood, however, that, as discussed previously, 

10 the invention is equally applicable to passive arrays. 

The display driver section 32 includes a plurality of 
column driver units 34, one unit being connected to each 
column line in the array. Fig. 5 is a block diagram illus- 
trating one embodiment of the column driver units of Fig. 

15 4. As seen in Fig. 5, each column driver unit 34 may 
include a charge control unit 36 and a charge time meas- 
urement and comparison unit (CMCU) 38. 

The charge control unit 36 is operative for sourcing 
or sinking current until a specific voltage is attained on 

20 a corresponding column line 37 in response to a voltage 
select signal from a display control unit (not shown). 
Once on the column line 37, the charge control unit acts 
upon whichever display element 10 in that column is 
electrically connected to the column line 37 through the 

25 corresponding electronically controlled switch 24 (i.e., 
the selected display element). The display control unit 
(not shown) controls which display element is connect- 
ed to the column tine 37 by delivering a voltage to the 
appropriate row line. 

30 The level of the voltage applied to the selected dis- 
play element by the charge control unit 36 depends up- 
on the display state which the display control unit deter- 
mines that the element should be displaying. If variable 
intensities are being used, the applied voltage can take 

35 any one of a number of different values. For example. 
Fig. 6 illustrates one embodiment of a charge control 
unit 36 which may be used In the present invention to 
supply current, reaching one of a number of voltages, 
to a selected display element 10. The unit 36 receives 

40 Voltage Select A and Voltage Select B signals from the 
display control unit and delivers a corresponding current 
and voltage to the display element 10 based on a cho- 
sen voltage division of a reference voltage, v. 

The CMCU 38 is operative for comparing the charge 

45 time of the selected display element to a reference val- 
ue, Vref, and for creating an output signal indicative of 
the result of the comparison. It should be understood 
that many different methods of comparing charge times 
may be implemented in accordance with the present in- 

50 vention and the embodiment illustrated in Fig. 5 repre- 
sents only a single way of accomplishing the compari- 
son. 

In the embodiment of Fig. 5, each CMCU 38 in- 
cludes: a comparator 40, a switch 42. and a data latch 
55 44. The comparator 40 has a positive input terminal con- 
nected to a corresponding column line 37 and a negative 
input terminal connected to a reference voltage line 48. 
As illustrated in Fig. 5. a single reference voltage line 48 
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services all of the CMCUs 38 in the apparatus. The out- 
put of the comparator 40 is connected to a switch control 
ternninal 46 of switch 42 for controlling the electrical con- 
nection between a voltage source 47 and a strobe line 
50. The strobe line 50 is connected to the clock terminal 
of the data latch 44 in every CMCU 38 in the display 
driver section 32. The output of the comparator 40 is 
also connected to the data input of data latch 44. Data 
latch 44 has a latched output terminal 52 which may be 
connected to the display control device (not shown) and 
a reset input terminal which may receive commands 
from the display control device. 

The circuitry of Fig. 5 operates as follows. Charge 
control unit 36 supplies current to column line 37 which 
begins to charge up the selected display element in the 
corresponding column. The comparator 40 monitors the 
voltage present on the column line 37 and outputs a log- 
ic high signal if and when this voltage exceeds the volt- 
age on reference voltage line 48. I.e.. Vref. It should be 
appreciated that the reference voltage. Vref, used in this 
embodiment, and all other embodiments of the present 
invention, may be adjustable. The logic high signal at 
the output of comparator 40 turns on switch 42 which 
connects voltage source 47 to the strobe line 50. This 
connection causes the data latches 44 in every CMCU 
38 in the display driver section 32 to clock and. there- 
fore, to latch the value currently present at their data 
inputs to their respective latched output terminals 52. 
Therefore, every CMCU 38 for which the voltage on the 
respective column line 37 had exceeded the reference 
voltage at the time the data latches 44 were clocked wilt 
output a logic high signal at Its latched output terminal 
52 while all other CMCUs 38 will output a logic low. 
These output signals are indicative of the relative charge 
times of the selected elements with respect to one other. 

The above comparison process may be repeated 
for each row in the display panel section 30. The data 
output from the latched output terminals 52 of the data 
latches 44 for each row of the display panel section 30 
can then be delivered to the display control device (not 
shown) so that a representation can be made illustrating 
the relative capacitance of each display element 10 in 
the display panel section 30. Such a representation is 
illustrated in Fig. 8. In Fig. 8, each intersection of a row 
line and a column line represents a single display ele- 
ment 10. The dark spots In the array represent display 
elements which have relative charge times longer than 
those of the other elements and thus indicate that the 
element has a higher capacitance, i.e., the element is 
probably being touched by a passive stylus. 

In the embodiment of Fig. 5, the first column line 37 
to exceed the reference voltage is the one which causes 
a voltage to be applied to the strobe line. Because there 
is little delay between the time when the reference volt- 
age is first exceeded and the time when the data latches 
44 are clocked, only a few of the fastest charging display 
elements will normally reach the reference voltage by 
the time the data latches 44 are clocked and thus pro- 



duce a logic one at the latched output terminal 52 of their 
respective CMCU 38. In general, it is desired that most 
of the display elements 10 reach the reference voltage 
by the time of latching so that an indication is made as 

s to which of the data elements 10 in the selected row 
charge the slowest and thus represent elements which 
are probably being touched. Therefore, in a variation of 
the embodiment of Fig. 5. as illustrated in Fig. 7. a delay 
element 53 may be inserted between the switch 42 and 

10 the strobe line 50. This delay element 53 delays the ap- 
plication of the voltage to the strobe line 50 after the 
switch 42 is turned on and, therefore, allows a larger 
number of column lines 37 to exceed the reference volt- 
age before the data latches 44 are clocked. This delay, 

IS which can be made variable, provides a means to com- 
pensate for inherent differences in charge time between 
data elements due to, among other things, manufactur- 
ing non-uniformities and also provides a means for tun- 
ing the display device based on such things as the type 

20 of passive stylus being used. 

In another variation of the embodiment of Fig. 5. the 
strobe line 50 is incapable of clocking the data latches 
44 until a predetermined number of CMCUs 38 are driv- 
ing the line 50. This has substantially the same effect as 

25 the delay element 52 described above in that a larger 
number of column lines are allowed to reach the refer- 
ence voltage before the data latches are clocked. 

In another embodiment of the present invention, as 
illustrated in Fig. 10, an externally generated strobe sig- 

30 nal is input onto strobe line 50 from an extemal source 
such as the display control device (not shown). The ex- 
ternal strobe signal may be created In a number of dif- 
ferent ways. In one approach, the strobe signal is cre- 
ated based on a predetermined delay with respect to the 

35 time when the charge control units 36 are enabled. In 
other words, a logic high signal is applied to the strobe 
line 50 a predetermined period of time after the charge 
control units 36 apply voltages to their corresponding 
column lines 37. In a similar approach, the strobe line 

40 50 may be pulsed multiple times during the charging of 
the display elements. This approach allows a weighted 
charge time representation to be created, such as the 
one illustrated in Fig. 9. The weighting numbers shown 
in the figure correspond to the particular strobe pulse for 

45 which the labelled display element first exceeded the 
reference voltage. This approach allows multiple levels 
of capacitance change to be inferred from the weighting 
numbers. This approach also provides for the accom- 
modation of manufacturing variations in charge time by 

50 allowing the weighted charge time map to be compared 
with a previously created charge time map so that dis- 
play elements which, for example, change from a '2' to 
a "3" can be identified as having increased loading, i.e., 
they are being touched.. 

55 In another approach, the external strobe signal Is 
created using a reference display element which is sub- 
stantially shielded from extemal capacitive influence. 
This reference display element is used to detemnine 
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when a ■standard" display element should reach a pre- 
determined voltage if not currently being touched. A volt- 
age is applied to the reference display element at the 
same time that the voltage is applied to the column lines 
by the charge control units 36. When the reference dis- 
play element charges up to the predetermined voltage, 
the strobe line 50 is pulsed and, accordingly, all of the 
data latches 44 are clocked. The predetermined voltage 
may be the same as the reference voltage, Vref. Use of 
the reference display element approach provides a 
means for compensating for adverse temperature ef- 
fects which may effect the accuracy of the invention. As 
described above with respect to the internally generated 
strobe signal, a delay may be added to the external 
strobe signal before it reaches the strobe line 50 so that 
a larger number of display elements reach the reference 
voltage before the data latches 44 are clocked. Alterna- 
tively, a higher predetermined voltage may be chosen. 

In yet another embodiment of the present invention, 
as illustrated in Fig. 11, the data latch 44 in each of the 
CMCUs 38 is replaced by a counter 54. A single clock 
line 56 carrying an externally generated clock signal 
drives all of the counters 54 in the display driver section 
32. When the voltage on a column line 37 exceeds the 
reference voltage, the corresponding counter is enabled 
and begins to count the clock pulses. At the end of a 
charging cycle, the count 58 contained in each of the 
counters represents the duration for which the associ- 
ated display element 10 has surpassed the reference 
voltage. This data may then be used to create a weight- 
ed charge time representation such as the one illustrat- 
ed in Fig. 9. 

As described above, after the charge time compar- 
ison data is created by the CMCUs 38 may be delivered 
to the display control device (not shown) for processing 
by controlling software. The following are examples of 
processing which may be performed in conjunction with 
inking operations. If the comparison data shows an in- 
creased capacitance over a large area of the LCD 
screen, such as may be created by a user inadvertently 
placing the palm of his hand over the screen, the group 
of data resulting from this occurrence can be rejected 
by the controlling software. If only a few display ele- 
ments show an increase in capacitance, the controlling 
software can elect to illuminate one or more pixels at the 
centre of the group depending on line thickness settings. 
Controlling software may also accommodate errant pix- 
el data that may result from changes in operating con- 
ditions or from manufacturing variation. Software may 
also be used to fill in" missing pixels when the rate of 
movement of the stylus tip is such that more than one 
pixel position is traversed between position sensing pe- 
riods. 

As discussed previously, to create an image on an 
LCD screen, appropriate voltages must be delivered to 
each of the elements in the display. If variable intensities 
are being used, these voltages can take any one of a 
plurality qt different values. Because the display ele- 



ments have to be at specific voltage levels to create de- 
sired images, a method must be provided by which el- 
ements may be charged or discharged in accordance 
with the present invention without destroying the image 
5 being displayed. In one embodiment, a blinking line ap- 
proach is used. The display control device causes a 
blinking line to progress from the top of the screen to the 
bottom of the screen in a periodic fashbn. The blinking 
line simply represents the switching of all of the display 

10 elements in a given row between a fully charged display 
state and a fully discharged display state. When the 
blinking line reaches a certain row, the necessary com- 
parisons are made and charge time comparison data is 
created. After the blinking line passes the row. the ap- 

75 propriate display voltages may be returned to the dis- 
play elements in the row and the charge time compari- 
son data may be delivered to the display control device 
for processing. 

In another embodiment, a hot spot cursor approach 

20 is utilized. In this approach, a blinking symbol, such as 
a small dot, is present somewhere on the LCD screen 
when a corresponding operating mode is enabled. 
When a user wishes to point to something on the screen, 
he simply touches the blinking symbol and drags it to 

25 the desired location. The system detects the touch on 
the blinking dot and thereafter tracks the movement of 
the touch until the touch is removed. The hot spot cursor 
approach may also be used to perform inking. In an ink- 
ing application, a user first touches the blinking dot and 

30 drags it to the location where inking is to begin. The user 
then momentarily removes his finger from the blinking 
dot to indicate that drawing is to begin and then reap- 
plies his finger to the dot and begins drawing. In this 
way, a specific touch sequence can be used to emulate 

35 a common input parameter, such as the pressing of a 
mouse button. When the user completes a line, he again 
removes his finger from the dot to indicate that the line 
is completed. The process may be repeated numerous 
times to create a desired image. The hot spot cursor ap- 

40 p roach may be used in a wide variety of different stylus 
applications. 

It is well known in the art to periodically reverse the 
polarity of the voltages applied to the display elements 
in an LCD display, such as the one Illustrated in Fig. 3, 
to avoid migration of the liquid crystals toward one of the 
two electrodes. Therefore, in another embodiment of the 
present invention, these polarity reversals are used to 
make the required charge time comparisons. For this 
embodiment to be operative, however, the reversals 

50 have to occur relatively frequently for the invention to be 
able to detect touches which may occur at any time. 

In general, liquid crystal display elements are rela- 
tively slow to orient in response to an applied voltage. 
Therefore, if the process for sensing increased capaci- 

55 tance requires that the LCD elements fully orient, a tong 
sampling time will result. In other embodiments of the 
present invention, such as the hot spot cursor approach, 
the LCD elements are driven to a full "on" condition dur- 
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ing sensing. In another embodiment of the present in- 
vention, which will now be described, sensing Is accom- 
plished without having to drive the LCD elements to a 
fully "on" condition. This embodiment allows sensing to 
be done much more quickly and, therefore, supports op- 
eration with variable intensity pixels without the need for 
a hot spot cursor. 

Fig. 12 illustrates a charge control unit 60 which 
may be used in connection with the present embodi- 
ment. The charge control unit 60 includes a grounding 
switch 62 which provides a means for grounding the col- 
umn line 37. In operation, the charge control units 60 of 
the present embodiment ground all column lines for a 
discharge duration, T1 , and then apply the same voltage 
to all column lines through equal resistances for a 
charge duration. T2. The charge duration is chosen to 
allow a number of the LCD elements to exceed the ref- 
erence voltage, Vref . and may be controlled through the 
sensing of the voltage on one or more of the column 
lines. In a highly flexible approach, the discharge dura- 
tion, charging resistance, and charge duration may be 
controlled by programmable means. The discharging 
and charging of the LCD elements of the present em- 
bodiment may be performed just prior to the refresh cy- 
cle of the LCD elements. Because the present embod- 
iment allows sensing to occur in a relatively short time 
period, changes to the display caused by the sensing, 
which might otherwise be noticeable tea user, are great- 
ly reduced. 

In a variation of the above-described embodiment, 
the grounding switch 62 is replaced by a coupling switch 
which allows all of the column lines to be connected to- 
gether for a duration long enough that all of the column 
lines reach a like voltage. This variation reduces the oc- 
currence of surge currents through the ground terminal 
and also reduces total power consumption. 

It should be appreciated that the passive stylus of 
the present invention may include any object capable of 
changing the charge time of an LCD element. In one 
embodiment, the stylus may include a specialized unit 
which is capable of delivering additional data, such as 
tip switch or barrel switch condition or other data, to the 
host computer via an alternate method of transmission, 
such as an RF, ultrasonic, or infrared link. The additional 
data may then be used by the host computer, in con- 
junction with the touch input information, to perform ap- 
plications. For example, the angle of the pen with re- 
spect to horizontal may be detected and transmitted as 
an infrared encoded signal, allowing the application to 
vary line type or width in drawing applications. 

Although the present invention has been described 
in conjunction with its preferred embodiments, it should 
be noted that the invention is not restricted to the details 
of the foregoing embodiments. For example, the CMCU 
circuitry of the present invention may be implemented 
on the glass substrate in proximity to the display ele- 
ments rather than being located in the driver circuitry. 

Additionally, the described methods of sensing 



touching of elements through charge time sensing may 
be implemented through sensing of discharge times for 
display elements. References to charge time sensing 
and measurement described herein encompass both 
5 charging and discharging implementations. The term 
'applying a charge' is defined to include both sourcing 
and sinking of current. The term 'charge cycle' also in- 
cludes discharging cycles. References to 'exceeding a 
reference voltage' shall imply a more positive voltage is 
attained when a current is being sourced to the display 
element and shall imply a more negative voltage when 
current is being sunk from the display element. Such 
modifications and variations are considered to be within 
the purview and scope of the invention and the append- 
ed claims. 



Claims 

20 1 . An electrically driven display (30) comprising a plu- 
rality of display elements (1 0), and characterized by 
means (36,38) for detecting a change in an intrinsic 
electrical characteristic of at least one of said dis- 
play elements (1 0) so as to determine if said at least 
2S one element has been touched. 

2- A display system (30) as claimed in Claim 1 , where- 
in said intrinsic electrical characteristic comprises 
the charge/discharge rate of said at least one dis- 
30 play element. 

3. A display as claimed in Claim 2, comprising a plu- 
rality of LCD elements (10), means (34) for selec- 
tively applying a charge to each of said LCD ele- 

35 ments (10), and wherein said means for detecting 
comprises means (38,40) for monitoring a voltage 
across each of said LCD elements (10) and for com- 
paring said voltage to a reference value (Vref); and 
means, responsive to said means for monitoring, for 
40 determining which, if any, of said LCD elements in 
said plurality Is being touched, based on said com- 
parison. 

4. A display as claimed in Claim 3, wherein said 
45 means (38,40) for monitoring further includes 

means (44) for latching said output signal of said 
means for comparing (40) in response to a strobe 
signal (50) to create a charge/discharge time com- 
parison signal. 

50 

5. A display as claimed In any one of Claims 1 to 4, 
further comprising means for determining the cen- 
tre region of said LCD elements (10) determined as 
being touched. 

55 

6. A display as claimed in any one of Claims 1 to 5, 
further comprising means for recognizing touch se- 
quences and for converting said touch sequences 
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into corresponding input parameters for use in com- 
puter applications. 

7. A display as claimed in Claim 3, and comprising an 
active matrix display which requires display voltag- 
es to be applied to said LCD elements to create an 
image and which includes means for periodically re- 
versing the polarity of said display voltages to pre- 
vent migration of liquid crystal molecules in said 
LCD elements, and wherein said means for selec- 
tively applying a charge includes said means for pe- 
rlodicaiiy reversing the polarity of said display volt- 
ages. 

8. A display as claimed in Claim 3, wherein said 
means (34) for selectively applying a charge in- 
cludes means for selectively forcing each of said 
LCD elements (1 0) to a common voltage and means 
for selectively applying a predetermined charging 
voltage to each of sard LCD elements (10) after said 
elements have reached said common voltage. 

9. A display as claimed in Claim 3, wherein said plu- 
rality of LCD elements (10) comprise a front trans- 
parent plate having a first surface and a second sur- 
face, said first surface having a front electrode dis- 
posed adjacent thereto; 

a rear transparent plate positioned substantial- 
ly parallel to, and in fixed relation to, said front 
transparent plate, said rear transparent plate 
having a rear electrode disposed adjacent to a 
first surface thereof, said first surface of said 
rear transparent plate facing said first surface 
of said front transparent plate so that said front 
electrode is substantially opposite said rear 
electrode; 

a layer of liquid crystal material between said 
first surface of said front transparent plate and 
said first surface of said rear transparent plate; 
and 

means for determining whether said second 
surface of said front transparent plate is being 
touched by a user based on said change in ca- 
pacitance. 

10. A display as claimed in Claim 9, further comprising: 

means, operatively connected to said front 
transparent plate, for increasing the change In ca- 
pacitance of said LCD element experienced when 
said second surface of said front transparent plate 
is touched by a user so that said means for deter- 
mining is more sensitive to the touch of a user. 

11. A display as claimed in Claim 3. wherein said plu- 
rality of LCD display elements are arranged in rows 
and columns for displaying an image on said display 
screen when predetermined voltages are provided 



to said LCD elements and including an apparatus 
for detecting the touch of a user on said display 
screen while an image is being displayed, said ap- 
paratus comprising: 

5 

means for alternately charging and discharging 
said display elements in a subgroup of said plu- 
rality of display elements; 
means for comparing a charge time of each of 
10 said display elements in said subgroup to a ref- 

erence charge time value; and 
means for processing the results of said com- 
parison to determine which, if any, of said dis- 
play elements In said subgroup are being 
15 touched; 

wherein said LCD display elements in said plu- 
rality which are not In said subgroup continu- 
ously display an Image on said display screen. 

12. A method of sensing touch of a display system hav- 
ing a plurality of display elements, comprising the 
step of detecting a change in an intrinsic electrical 
characteristic of at least one of said display ele- 
ments in response to said touch. 
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